Basic copper or magnesium carbonate was mixed with phosphoric acid in the mole ratio of P/M=2 (M; Cu or Mg). Each mixture was transformed to cyclo-tetraphosphate by heating. A part of the basic copper or magnesium carbonate was replaced with a rare earth oxide (La2O3, CeO2, Pr6O11, Nd2O3, Sm2O3, Yb2O3, and Y2O3) in this system. These mixtures containing one of the rare earth oxides were heated and then the products were analyzed by XRD, FT-IR, and TG-DTA. It was observed in copper system that the product changed from cyclo-tetraphosphate to pyrophosphate by the addition of rare earth oxide used in this study. In magnesium system, magnesium cyclotetraphosphate was formed in spite of the addition of rare earth oxide. Surface properties, specific surface area, acid strength and amount of acid sites, catalytic activity for dehydration of 2-propanol and cracking / dehydrogenation of cumene, were measured to clarify the role of rare earth element in magnesium cyclo-tetraphosphate.
INTRODUCTION
Phosphates are transformed to other phosphates in hydrolysis and dehydration reactions at elevated temperatures 1-3). There are polyphosphate, cyclo-phosphate, and ultraphosphate in a group of condensed phosphates. Polyphosphate has a chain structure in which PO4 unit shares two oxygen atoms, cyclo-phosphate has a cyclic structure, and ultraphosphate has a network structure 4).
Orthophosphate, polyphosphate, and ultraphosphate of rare earth elements were formed by heating a mixture of a rare earth oxide and phosphoric acid in Pa ratio and 10 (R: rare earth element), respectively 1). were examined by n-butylamine titration using Hammett indicators in benezene 22).
The Hammett indicators were Methyl red (pKa=+4.8), Dimethyl yellow (pKa=+3.3), Benzeneazodiphenylamine (pKa=+1.5), and Dicinnamalacetone (pKa=-3.0).
Dehydration reaction of 2-propanol A 0.2 g of a sample was mixed with about 2 mg of glass wool and then packed in a glass tube with about 10 mg of glass wool at both ends. Beforehand, glass wool was confirmed to have no activity for dehydration of 2-propanol.
The conversion was measured with a gas chromatograph G-3000 from Hitachi Mixed cyclo-tetraphosphate of magnesium and lanthanum indicated high selectivity to benzene and propylene at high temperatures. The selectivity was raised slightly with increasing of the ratio of lanthanum. The addition of lanthanum into magnesium cyclo-tetraphosphate caused the increase in Bransted acid sites.
To take results of other rare earth elements into account, the kind of rare earth elements had a little influence on catalytic activities. The addition of a rare earth element improved amount of acidic sites on magnesium cyclo-tetraphophate. The conversions of 2-propanol and cumene were raised by the increasing of acid sites.
Mixed cyclo-tetraphosphate of magnesium and a rare earth element had high activity as acidic catalyst than rare earth polyphosphate or 1.ultraphosphate. Cyclo-phosphate was considered to be improved the catalytic activities by rare earth element. 
